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The use: vf tight-gas 

aerodynamic investigatiuns or inpacz 6 c u i i t ' G  now j t i k b  hpjjj-dAi,iiiiit,ei; 8 j - z a i i ~  

here at Asnes Researcn Ccnter. %I> types Gf guns tiavc been under devclcTpment 

d u r i n g  tnis period. The first of these is the  s ~ - ~ : a l l e d  iscntmpj. c-::,)ffipt'ess;m, 
* 

k n w d o ,  and Hosscjw in 1337. Some sim~;le r c o d l f l c b t i v n s  to t h i s  type of gut, 

involving the u8e of a :ontra:ting, tapered s e c t i a n  i r i  tne h igh-p res sue  coupling 

tcjgetrier w i t n  H deformeble p u p  p i s + b n ,  have recent:? l e d  to l-ge gains i n  

performance, a6 repor ted  t h i s  y p i r  i n  SASA T?J 0-Ll4h by Job, S. C u t i s .  The 

second type of gixi devel.opea c?uri:'a t h z s  &?-year period i s  t h e  sc;-cnlLed Cwo- 

stage, shock-c~rnpressjnn lig!bt-gas gun, as df*r;r.ribed i n  N A S A  TN D-307 by Bio le t t i  

and Cu.nni@an: in 1960. 

C u r r e n t l y ,  there a r e  in w e  at h e s  four two-stage, shock-compression p s  

and three isent~opic-compression, deformable-pi stoa guns caaable of 1rrunc:ning 

l ight  plasc ic  models a t  veioc'ties g rea t c r  tnan  20,OOO f ee t  per second. The 

physical cnwac te r i s t i c s  of these @;*as, m d  tncir range of loading conditions, 

have been tabulated I n  t h i s  f i r s t  slide. For e3se i n  denoting t h e  various guns, 

i n  this and subsequent slides, t he  guns arc designated by the i n i t i a l s  of the 

branch ir which they  are operated, fogether with their launcn-tube bore s i z e .  

Note that all these guns arc rrc.Aest in s i z e ,  with the launch-tube &re diameter 

sttigc of' h e  shoc~-hca tcd  g a s ,  vt;rre it is s;ii .~rk-~;~u,yressi?d by t h e  wave formed 

by the cxp:oslon of e gun-powder charge a t  tr.e breech e%l of t ne  stage. tiowever, 

experience w i t h  tncse guns i n  rpzenl; years has demnstrated that hydrogen $9 to 

be used i9 prtference to hel ium 1 ri tLe second -st%e6 of t h e  shock-heated guns 
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and i n  t h e  pump tubes of the isentropic-compression E ; ~ s ,  not  only from the  

standpoint of r e a l i z i n g  substantdial gains i n  performance but aiso tlfi 6. mean6 of 

a;lev:atizg t he  gm h r r e l  P r w i n n  problem. A l -cal?be?-  palye thyiene  pistori is 

generally used between t h e  helium mil hycirogen in t h e  first und second s t w e s  of 

the shock-compressed guns. Polyethylene caps, ranging in Length from about 3 ta 

9 calibers, a r e  a lso  used on or for  t h e  p a p  pistons of the deformable pis ton  guns 

In  regard t o  launch-tube lengtn ,  we are  current ly  using a minilrum length of 

about 220 c a l i b e r s  for  the iiyperveltJcity B a l l i s t i c  Range .22-cnliber guns, Lo a 

maximum length of about 360 calibers fur the Supersonic B e e  Flight .28-caliber 

gun. It is of i n t e r e s t  at this point to no te  t h n t ,  w i t h  the exception of t h e  

largest; gun, the HBR .79-caliber-shock-heated gun, all of these guns are n w  

equipped with what we call sp l i t -ba- re1  launch tubes,  employing a relatively tniri- 

walled tube ( c l a m p d  betweerr stra!ght, massive sec t ions  which are doweled and 

s t rongly  bolted toge ther )  as a lines t-hrough wNch +,he model i s  iaunehed. 

ranges given for the powder chargcs and model weights do not necessarily represent  

The 

the 1imit;n to which the g a s  might be foadea, bu t  r v t n e r  a r e  only those loadings 

which have been fired to date. 

The m a x i m u m  performarice of these euns has beer. sumrn~rized in the secand 8 l i d e .  

Note t h a t  the abcisss of this p l 2 t  is given as t h e  P n J e c t i l e  weignt divided by 

the cube of the bore diameter of tne  launcn tube. This pwmeter is proportional 

to the overage densi ty  of the models used, and thus permits a rough carrelat ion 

of t h e  performance of zhtase guns i n  s p i t e  of a f a i r l y  w i d e  rarge i n  t h e i r  s ize .  

Maiu it should be emphasized t n n t  The performance shown for these g u m  in this 

s l i d e  does riot, represent ar: u l t l n a t ~  L i m i t ,  b u t  r a t h r r  is only tnnt mixinun *per- 

fornance wQich ha6 been ~ b t x ~ r i c d  tu date f o r  wrtairi 1otLdirlgs cd‘ t , ~  gtuis. In 

s3me -asc’s, thvse loadings arc Limited by thc a b i l i t y  of tne n d c l  t o  wit,nstand 
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the acceleration without breaking up. 

has been 32,400 f t / s ec ,  f o r  a .22-incn-diameter cy1 l n d e r  of poiyetnylene 

"he highest  ve loc i ty  obtained t o  d a t e  

w e i g i i i 1 - 4  O.C;':~ e--,. Tijc I.~;SS ir: ~CZTSI??.,P,IXE! w i t ? ,  prr-,Je?ti le v:,ight 

appears to  be aboat t he  sane f o r  a l l  t h e  guns, i n  s p i t e  of a cons idemble  

w i r r t i o n  i n  their proportSon6 and i n  the details of t h e i r  designs. 

In the next  four sl ides  3 wish to show crass -sec t ions  of t y p i r a l  designs 

for t h e  joint between the high-pressure exxi of t he  shock or pimp tilbe and 

various arrmgernents of split-barrel iauncn tubes. A l l  of these aesigns are 

c u r r e n t l y  i n  use here a t  Ames. 

no t  too di f fLct i l t  o r  expefisiv- t s  minxfactlare 60 t h a t ,  if necessary, the  l i n e r  

may be disposed of a f te r  on ly  on': rami, ncjr w e  they d i f f i c u l t  or p a r t i c u l a r l y  

t i m e  csnsmtng t o  maintain.  

A?l have performed reasmably successfully, ani 

The f irst  design shown i n  t?e t h i r d  s l i d e ,  evolved fo r  use w i t h  fairly tn in-  

walled tubing l i n e r s ,  sey of t h e  Drder of O.Op-inch mll  thic'nncss. 

t h e  second s t q e  shock tuSe is  shorn on the l e f t ,  t h e  s p l i t  sec t ions  of the 

b s r r e l  81'e sham 3n the r ight ,  and t h e  t w a  are Joined togethw through the flange 

by means of an outs ide  ring. 

is pressed onto the tubing ( l i n e r )  an3 t h e n  t h e  taper  fGr t h e  scarf-type j o i n t  

is machined in%o the end of t t lc  t u b i n g  before it is cLamped :n p l a c e  between t h e  

spli5-barrel 9tjctiar.s. The a d j c i E i n &  piece with the matchLnt: L a p r e d  z;c&cf i s  

msde of 17-4P:i stainless steel ,  Is  ii igniy heat txea ted ,  m d  makes the metal-to- 

metal seal on the  end ui' the :kiln-we1li.d l i n e r  curd keeps f t  from ~ ? o l l a p s i ~ ~  

inward. 

hold t h e  in i t id  400 p s i  pressure of tne hydrogen I K ~  t t ;e scconci stage. 

The end of 

The dark sleeve a t  the conter  Jf t h e  c ross  sec t ion  

On i t s  upstrearc face R:'P located a q v l a r  diaphragm and O - r i n g  which 

The next s l ide S ~ A O W S  a d p s i g n  for  a s o n c w h a t  heavier liner, w i t h  about 

0.0% t3 0.100-i~ch vnl.1 t i i icl tnese.  t k a i n  tne nigh-pressure end of t,ne p-amp 

tube j s  shown at t,ne left, t w  spiL;-ba.rrel is et tnc right, <ant? the t v c j  w e  
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joined together by the bGited f'iangt: arrangement. in this design, a fiangea, 

heovy-walled cyl inder  is sh runk  onto the  end ot' the  liner, after which thc end 

of the liner is faced off and  countemorea.  '&%e adjacent  break-valve holder 

has a matching cyl inder  i n t e g r a l  w i t h  it, which again makes the metal-to-metal. 

seal a t  the end of Lhe l i n e r  when the gun is f i r e d .  The timall cast-alumintun 

break valve shown i n s i d e  t h e  holder  has been a very e f f e c t i v e  device for keeping 

t he  pump tube pressures from t h e  model base u n t i l  the desired "breaking" pres- 

6ure is reached. ALSO, the type of 0-riw-seal joint sham on the Outside 

diameter of the break-valve hs lde r  nas been most effective, s ince  it; perdts 

some r e l a t i v e  axial motion between the gun parts w i t n o u t  losing t h e  seal. 

The f i f t h  slide shows mother twrw!cment that has performed successful.Ly 

with  a heavy-unl.led liner. The over-si1 design is similar to that shown on the 

preceding slide, except that here only a mylar diaphr- w i t h  double-sided scotch 

tape on each side of it is used as the s e a l  a t  tne Joint at the end of t h e  l i n e r .  

' B e  las t  s l i d e  illustrates one solution to a probl-em that has occurred 

occaslonally w i t h  the  previously show designs. Sometimes a local swelling of 

t h e  l i ne r  occura a t  the  j o i n t  where the liner lewcs the  heavy-walled cyl inder  

i n  which it is  shrunk and goes into t h e  s?lit-bwrel sections. In  t h i s  d e s i g n ,  

that j o i n t  is simply placed further down along t he  liner, where the int ,ernal  

pressurers w i l l  be lower. Also shown i n  this slide is s t i l l  another way the 

problem of sea l ing  tne end of the l i n e r  has been solved. iiere aga in  the  l i n e r  

is shrunk in to  a heavy-walled cylinder,  the end of whicti  is  i n t e r n a l l y  chtunfcred 

a t  about 12 . The l i n e r  ir then mechanically upset  unti l  i t  f i l l s  the cnr.,3fer 

in the cyl inder ,  a f te r  wnich  i L  is fsced off, a slight ttipr (abuut 10 j i s  

0 

o\ 

formed as an cntrmce i n t o  the bore, M d  t n e  corner is rounded. When the gun 

i s  f l r ed ,  the petals of t!ie "petalling brem-valve" d i s c  f o l d  back i n t o  :,::e l i n e r  

when t n e  d i s c  ruptures ,  ~+;eLn forming a metal-kwrftal sea; at t he  end of tce 

liner. m. ,Tack Stephenson w i l i  diseu66 t ne  see1 used h t  the  O u t e r  edge of t r re  

=-  

WtSlling disc ,  and obher detai ls  of th i s  gun, in the talk which follows. 
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